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ABSTRACT
The Seiyal Fault, one of many east-west trending faults located in the Western
Desert of Egypt, and associated structural basins and domes are investigated using remote
sensing imagery and field studies. Analysis of Shuttle Reconnaissance Topography
Mission data, multi-spectral data from the Landsat Thematic Mapper (LM), Landsat 7
Enhanced Thematic Mapper Plus (ETM+), the Advanced Spaceborne Thermal Emission
and Reflectometer (ASTER) data, and imagery from Google Earth. Band combinations 32-1 and 7-4-2 in ETM+ and 3N-2-1 and 7-3-1 in ASTER, and Google Earth provided the
most useful images for geologic mapping. The Seiyal Fault is best characterized as a zone
comprised of multiple, straight to curvilinear, left-stepping en-echelon, fault segments
that over-lap or intersect and can be traced for at least 100 km in length. Field studies of
structural basins and domes cross-cut by the trace of the Seiyal Fault record a component
of normal dip-slip down-to-the-north displacement. Locally, the trace of the fault is
marked by polished cataclasite, a scarp within Tertiary gravel pediment (also down-tothe-north), and by the presence of sand-filled ground cracks. The low-relief basin and
dome structures may have formed in regions of transpression (domes) and transtension
(basins) created by the bends and step-overs along the trace of the fault zone. These
observations are consistent with the Seiyal Fault Zone recording time-integrated strain
beginning as early as with the deposition of Cretaceous sandstones and continuing to the
present, as a result of multiple displacement events in response to changes in the
orientation of the principal regional stresses over time.
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1. INTRODUCTION

1.1. STATEMENT OF THE PROBLEM
The Seiyal fault, located in southern Egypt, is an east-west trending brittle
structure that deforms Late Cretaceous sandstone, Late Cretaceous shale, and PaleoceneEocene limestone (Figure 1.1). It represents one of many east-west faults in southern
Egypt that occur within a region extending from southern Egypt to northern Sudan. The
Kalabsha fault, with the same east-west trend, is the most apparent and highly visible
fault in orbital remote-sensing imagery. This fault was near the epicenter of the 1981 5.3
Ms earthquake, approximately 60 km southwest of the Aswan High Dam, at a depth of 10
km (Kebeasy, 1987).
The eastern edge of the Seiyal fault is 52 km southwest of the Aswan High Dam
on the Nubia plain. It extends to the west for 33 km before it reaches the Sinn El-Kaddab
plateau, where it continues in a westerly trace for another 67 km. Access to the plateau
surface is difficult, even with a 4x4 capable vehicle. Due to limited access to most of the
plateau’s surface, this investigation into the development of the fault’s basin and dome
structures concentrates on more easterly structures associated with the fault trace for in
situ data. The study is complimented with remote sensing data to complete the
investigation of the inaccessible portions of the Seiyal fault via satellite imagery.
The trace of the Seiyal fault is segmented and curvilinear (sinuous). The
segments define an en echelon, left-stepping, pattern. The fault also exhibits left- and
right-handed bends along its trace. These fault segments and associated Riedel shears
and splays indicate the Seiyal fault is best characterized as a zone – the Seiyal Fault Zone
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(SFZ). The SFZ is approximately 100 km in length and is also visible in orbital remote
sensing by the development of apparent basins and domes distributed along it.

Figure 1.1 Digital elevation model of the Sinn El-Kaddb Plateau. The Seiyal fault is one
of many east-west faults that are located in southern Egypt that transect the Sinn ElKaddab Plateau and the Nubia Plain. The most notable faults are the Seiyal, Kalabsha,
Gebel El-Barqa, Kurkur, Khor El-Ramla, Gazelle, and Abu Diwa. Most seismic activity
of the region occurs along these faults.

1.2. OBJECTIVES
The objectives of this thesis are to characterize structural basins and domes
situated along the Seiyal fault from in situ data and to trace the full extent of the SFZ
from remote sensing imagery. The collection of structural data on the basin and domes
was restricted to only three of the observable ±30 structures that are part of the SFZ.
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These structures are low relief; however, their appearance in remote sensing imagery is
striking due to the vegetation-free conditions of Egypt’s Western Desert (see Tewksbury
et al., 2009). Remote sensing data from Landsat TM, the Advanced Spaceborne Thermal
Emission and Reflection (ASTER) sensor aboard NASA’s Terra satellite, and images
from Google™ Earth are used to trace the Seiyal fault’s full extent because of the
inherent difficulties in accessing the full extent of the fault on the ground.
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2. METHODS

The preliminary methodology prior to conducting the in situ investigation of a
few basin and dome structures situated along the Seiyal fault in southern Egypt, was to
perform a remote sensing reconnaissance investigation of the region using elevation data
from the Shuttle Radar Topography Mission (SRTM), and imagery data from Landsat
Thematic Mapper (TM), and the Advanced Spaceborne thermal Emissions and Reflection
Radiometer (ASTER). The purpose of the reconnaissance investigation served several
purposes: 1) Locate the trace of the Seiyal fault, concentrating on its location on the
Nubia Plain, east of the Sinn El-Kaddab plateau; 2) Gain a sense of the terrain that will be
encountered upon arrival to the study area in order to establish an ingress; and 3) Apply
different band combinations to the datasets to help differentiate different lithological
units within the study area. The SRTM data was downloaded in November, 2008 from
the Consultative Group on International Agricultural Research – Consortium for Spatial
Information (CGIAR-CSI) at the following web site: http://srtm.csi.cgiar.org/. Landsat
TM and ASTER data were downloaded through the United States Geological Survey
(USGS) Global Visualization Viewer in November, 2008 at http://glovis.usgs.gov/.
The first introduction to the stratigraphy of the Aswan region and study area was
provided by Dr. Abdel-Aziz Al-Haddad of Sohag University on January 3, 2009. Field
work within the study area commenced on January 5, 2009 and lasted seven
inconsecutive days, the last day was January 14, 2009. Structural and lithological data
were recorded. Locations of these records were marked using a Garmin™ eTrex Venture
HC. Photos were taken of the area for later reference upon return to the laboratory/office.
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Final data analysis and thesis completion were performed on the campus of
Missouri University of Science and Technology, within the Remote Sensing Laboratory
of the Department of Geological Science and Engineering. Multiple computer software
packages were used to complete this study. Table 2.1 lists the software used and their
purpose.
Table 2.1. Software used for this thesis.
Software
Stereonet for Windows v. 1.2
Environmental Systems Research
Institute (ESRI) ArcMap 9.3.1, 10.0

Purpose of Use
Create stereonets from structural data
Manipulate raster and vector datasets

Exelis Visual Information Solutions

View and manipulate raster datasets

(ENVI) 4.4

(imagery data)

Canvas™ X

Create figures

Adobe Photoshop CS3

Manipulate photos

Microsoft™ Word

Write document
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3. GEOLOGICAL SETTING AND STRATIGRAPHY

3.1. GEOLOGIC SETTING
The Western Desert of Egypt is characterized by subdued highs (desert plateaus)
and flat rocky expanses of lowlands and depressions. It starts west of the Nile River and
extends into Libya to the west, to Sudan to the south, and covers an area of 681,000 km2
(Said, 1962). The study area, located within the Western Desert approximately 80 km
southwest of Aswan, is comprised of a few of these aforementioned geomorphological
features – the Nubia Plain and the Sinn El-Kaddab Plateau. This region is considered as
representing a stable shelf of clastic and carbonate rocks accreted to the crystalline
Arabian-Nubian Shield that is skirted by a belt – the unstable shelf – of deformed
sequences of shallow and deep water sediments (Youssef 2003). The sedimentary
sequences deposited on the stable and unstable shelf range in age from Late Cretaceous
(Maastrichtian) to Lower Eocene.
The Nubia Plain extends from the Nile River to the eastern escarpment of the Sinn
El-Kaddab plateau to the west, beginning around Esna, and continues south past Aswan
(Figure 3.1). This stretch ranges from 30 to 50 km wide until it reaches the southern
extent of the plateau at Gebel Kalabsha, where its expanse opens to the west. Here it
follows the southern margin of the plateau which strikes in an east-west direction and
also continues south along Lake Nasser. The average elevation of the Nubia Plain is 200
m above sea level (Issawi, 1968). Late Cretaceous clastic and carbonate sediments
comprise the floor of this desolate landscape.
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The Sinn El-Kaddab plateau is a prominent carbonate tableland within this region,
located west of the Nile River in southern Egypt and is comprised of Late Cretaceous –
Early Eocene clastic and carbonate sediments. It is desolate, void of vegetation, with an
average elevation of 350 m. It is wider in the north-south direction than it is in the eastwest direction. The plateau stretches from its eastern escarpment (west of the Nile) to the
Darb El-Arbean escarpment to the west, which borders the Kharga oasis depression
(Issawi, 1968) (Figure 3.1).

Figure 3.1 The topographic expression of the Sinn El-Kaddab Plateau. The plateau is a
desolate, flat-lying tableland comprised of Late Cretaceous – Early Eocene sandstones,
limestones, and shales that is dissected by numerous east-west trending, strike-slip faults
along which low-relief basin and dome structures have formed due to relative movement
along these faults.
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The Sinn El-Kaddab plateau is dissected by faults, mostly striking east-west, but
others north-south, and some southwest-northeast (Figures 1.1 and 3.1). The faults have
strike lengths that extend from a few kilometers to over 100 kilometers. Many of the
longer faults are segmented and consist of multiple faults rather than one continuous,
uninterrupted fault trace. Some faults may be traced across the Nubia Plain and continue
onto the plateau from east to west while others may be traced from the plateau onto the
Nubia Plain below to the east. The concentration and multi-directional strikes of these
faults are responsible for the jagged outline of the plateau as weathering and erosional
processes have preferentially followed these faults, cutting into the sedimentary rocks
forming embayments, promontories, and ravines along the plateau’s perimeter (Figure
3.1). Numerous wadis have incised into the Nubia Plain that extend away from the
plateau during a time when the area received more precipitation.
Upon the Nubia Plain and atop the Sinn El-Kaddab Plateau, en echelon basin and
dome structures have formed as a result of motion along the faults. The structures are
more apparent atop the plateau than on the plain below since the finer sediments and sand
carried by the wind, and from occasional storm run-off, are deposited on the plain below.
Most of the sand and loose sediment encountered within the study area was located
within the ravines along the escarpment and within wadis that drain off of the plateau.
The Seiyal Fault, one of the east-west faults, is approximately 100 km long with
~70 km located atop the plateau and the remaining 30 km located on the Nubia Plain.
Field work within the study area was conducted on the eastern six kilometers of the
plateau, along the Seiyal Fault, and 11 kilometers within an embayment of the plateau on
the Nubia Plain below, also along the Seiyal Fault.
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3.2. STRATIGRAPHY
The geologic strata represented within the study area consist of near-shore,
shallow, and deep water sedimentary rocks that range in age from Late Cretaceous
(Maastrichtian Age, 70.6-65.5 Ma) to lower Eocene (Ypresian Age, 55.8-48.6 Ma), and
Tertiary and Quaternary conglomerate/gravel deposits, all of which overlie a late
Precambrian granite basement (Figure 3.2). A description of each formation is presented
below, starting with the basement rocks and ending with the Tertiary/Quaternary
conglomerate/gravel deposits. The basement unit is not exposed within the study area but
crops out in and around the city of Aswan mainly east of the Nile River and Lake Nasser.
The basement rocks have well-developed joint sets that strike in the following directions:
east-west, north-northwest to south-southeast, and sub north-south. These joint-set
directions mimic many of the trends of the faults observed within the Western Desert
(Issawi, 1968).
3.2.1. Nubia Formation. The Upper Cretaceous (lower Maastrichtian, 70.6 –
68.5 Ma)Nubia Formation is a quartzarenite that lies nonconformable on the Precambrian
granite basement. The formation covers ~3,690 km2 and extends west from the Red Sea
Hills into Libya and south into northern Sudan. It is the principle stratigraphic unit that
underlies the Nubia Plain. Issawi (1968) describes its appearance as buff, white, dark
brown to black, some purple, mauve, pink, and red. Grain size varies from 2 mm in
diameter to microscopic, sub-rounded to sub-angular, and is very rarely rounded. The
cement is predominately siliceous, though calcitic and dolomitic cements occur within
the quartzose beds; ferruginous cement is also present within the darker layers.

10

Figure 3.2 Stratigraphic column of the study area. The general trend of non- marine and
marine carbonate and clastic sediments within this column suggests the area underwent a
period of on-shore to near-shore deposition then transitioned into an off-shore, deep
marine environment to a near-shore, shallow marine environment. Additional sources
used from Issawi, 1968 and Woodward-Clyde Consultants, 1985.
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The thickness of the Nubia Formation varies considerably. The variance ranges
from 10 m near uplifted basement rocks exposed near Darb El-Arbean to west of the Sinn
El-Kaddab Plateau, to ±850 m near the Kharga Oasis to the north of Darb El-Arbean. Its
thickness is measured at 490 m near Aswan and 592 m near the Kurkur Oasis
(approximately 32 km north of the study area). Generally, the Nubia Formation thins out
to the south and southwest. The thickness of the Nubia Formation within the study area
is approximately 490 m (Issawi, 1968).
The beds of the Nubia Formation are nearly horizontal with a dip of 1 to 2 degrees
to the north and northwest. Cross-beds, ripple-marks, and intraformational
conglomerates are primary structures of the formation. This unit crops out along the
lower face of the Sinn El-Kaddab escarpment within the northern portion of the study
area. The depositional environment in which the Nubia Formation formed ranges from
shall marine platform to continental, aeolian, and fluviatile (Issawi, 1968).

3.2.2. Dakhla Formation. Next in succession and conformably overlying the
Nubia Formation is the Dakhla Formation. The Dakhla Formation is Upper Cretaceous
(lower to lower-upper Maastrichtian, 68.05 – 65.5 Ma) in age. This stratigraphic unit
consists primarily of shale beds that contain sandstone and carbonate intercalations, and a
thin ferruginous conglomerate. The contact between the underlying Nubia Formation and
the Dakhla is located where the first shale layers appear. Its appearance is described as
mainly greenish-gray, brownish-yellow, and red. The lower portion of the Dakhla and a
shale unit within the middle of the formation are fossiliferous (Issawi, 1968).
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The thickness of this unit varies from ±39 m at Wadi Kurkur to 155 m at Gebel
El-Sana (~7 km south of the study area). The Dakhla Formation is not as extensive as the
Nubia Formation and it thins out in a northerly and in a westerly direction from the
eastern slope of the Sinn El-Kaddab Plateau (Issawi, 1968). Within the southern part of
the embayment of the study area, the Dakhla Formation makes up the lower part of the
Sinn El-Kaddab escarpment.
The formational environment of the Dakhla Formation suggests the area was
relatively deep marine due to the occurrence of fissile shale beds but also a shallow
environment due to the occurrence of intercalated mudstones and sandstones.

3.2.3. Kurkur Formation. Next in succession and conformably overlying the
Dakhla Formation is the Kurkur Formation. The Kurkur Formation is a Late Paleocene
(Thanetian, 58.7 – 55.8 Ma) to Early Eocene (Ypresian, 55.8 – 48.6 Ma). This
stratigraphic unit consists of two thick carbonate beds that are separated by thin shale
beds that contain sandy-clay intercalations. Its appearance is described as brownish in
color and contains abundant marine invertebrate fossils and its thickness varies from 11
m to 57.2 m (Woodward-Clyde Consultants, 1985). Its thickness is 16.3 m near Gebel
El-Sana (~7 km south of the study area) (Issawi, 1968).
The formational environment of the Kurkur Formation is that of a shallow marine
neritic to littoral environment based upon the stratigraphic units and fossil fauna (Issawi,
1968).
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3.2.4. Garra Formation. Next in succession and unconformably overlying the
Kurkur Formation is the Garra Formation. The Garra Formation is an Upper Paleocene
(Thanetian, 58.7 – 55.8 Ma) to Early Eocene (Ypresian, 55.8 – 48.6 Ma) in age. It is a
stratigraphic unit comprised of thick limestone beds with intercalations of chalk, marl,
and shale. Its appearance is described as white to gray-white and contains marine
invertebrate fossils (Woodward-Clyde Consultants, 1985), including individual coral
colonies, some of which are exposed along the escarpment of the Sinn El-Kaddab plateau
within the study area (Figure 3.3).

~6m

Figure 3.3 Field photograph of the the Garra Formation. The Garra Formation is ~60 m
thick stratigraphic unit consisting of thick limestone beds with intercalations of chalk,
marl and shale, and contains many marine Fossils such as this reef exposed along the
Sinn El-Kaddab escarpment.
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The thickness of this unit is 111 m at Gebel Garra (~53 km to the north-northeast
from the study area) to ~60 m measured at Gebel Kalabsha (~14 km to the southsouthwest of the study area). Generally, the Garra Formation thins out to the west from
the eastern slope of the Sinn El-Kaddab plateau. This stratigraphic unit makes up the top
part of the Sinn El-Kaddab plateau along its eastern edge within which lies the study area.
However, farther to the west, the Dungul Formation is the youngest formation exposed
on the plateau (Issawi, 1968). The depositional environment of this formation suggests
the area was shallow marine shelf.

3.2.5. Dungul Formation. Next in succession and conformably overlying the
Garra Formation is the Dungul Formation. The Dungul Formation is an Early Eocene
(Ypresian, 55.8 – 48.6 Ma) limestone which consists of two units – a lower unit
consisting of alternating shale and limestone, and an upper unit of limestone containing
bands of flint and silica concretions. It is described as gray, light-green to light-yellow,
and is fossiliferous (Issawi, 1968). Stromatolites are also observed within this unit
(Figure 3.4).
The Dungul Formation is extensive (6,600 km2) and is the top layer of the Sinn
El-Kaddab plateau except for the eastern portion of this tableland, where it is retreating to
the west exposing the underlying Garra Formation. The Dungul Formation is the caprock
of a few basin and dome structures located along the Seiyal fault within the eastern
portion of the Sinn El-Kaddab plateau, surrounded by the Garra Formation. The
thickness of this unit varies from 40 to 127 m with the thicker portion to the south (Wadi
Dungul area) and thinner to the north (Naqb Dungul area). The thickness of this unit
within the basin and dome structures along the Seiyal fault in the eastern portion of the
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Sinn El-Kaddab is 15 m. The Dungul Formation was deposited on a stable continental
shelf in a shallow marine environment as evident by its abundant fossils and sediment
types.

Figure 3.4 Field photograph of the Dungul Formation. The Dungul Formation is the
caprock of the Sinn El-Kaddab plateau. Its thickness varies from 40 to 127 m but is only
~15 m thick within the study area. Besides marine fossils, boulder-sized stromatolites are
observed at the surface of this formation.

3.2.6. Tertiary and Quaternary Conglomerate and Gravel Sheets. The floor
of the embayment (Nubia Plain) within the study area, east of the plateau, consists of
Tertiary and Quaternary conglomerate and gravel sheets. These sheets average 4 m in
thickness and consist of rounded to sub-rounded, to sub-angular pebbles, cobbles, and
boulders derived from the Garra and Dungul limestones, cemented by a matrix of clay
(Woodward-Clyde Consultants, 1985) (Figure 3.5). Fossils from the various formations
are also found within the gravel sheets.
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The lateral extent of the gravel sheets varies, resulting in pediments, as they are
deposited on top of one another. These pediments vary in height but are generally 10 to
20 m above the valley (embayment) floor and shorten to less than 1 m a few kilometers
away from the escarpment (Woodward-Clyde Consultants, 1985).

Figure 3.5 Field photograph of gravel pediments. Tertiary and Quaternary conglomerate
and gravel sheets cover the floor of the embayment east of the Sinn El-Kaddab plateau
and form pediments.
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4. SEISMICITY

4.1. HISTORICAL BACKGROUND
Egypt has a record of seismic activity dating back 4,800 years. Prior to 1899, the
year the first seismograph was installed at the Helwan Observatory, seismic events were
recorded in historical documents and books indicating locations of where they were felt,
not necessarily their epicenter locations. The locations were in higher populated centers
of the Egyptian territory thus a general spatial distribution of earthquakes indicate the
regions of the Nile delta, Cairo, larger settlements along the Nile River valley, and
western Sinai (Badawy, 2005). Other historic documentation of seismic activity within
the Egyptian territory is manifest in damaged structures such as the Colossus of Rhamses
at Abu Simbel (3,223 ka) and the temple walls of Luxor and Karnak (~2,040 ka)
(Kebeasy et al., 1987). Badawy (1999) reports 83 earthquakes with intensities ranging
from V-IX for the last 4,100 years prior to 1900.
Egyptian authorities steadily increased earthquake recording capabilities
throughout the twentieth century. A second and third seismograph was installed at
Helwan (1922 and 1938, respectively) in order to capture directional components of
seismic waves. In 1951, modernization of the Helwan array included the addition of
short-period seismographs and in 1962 this array became part of the World Wide
Standardized Seismograph Network (WWSSN). More seismic instrumentation was
added in 1972 and 1975; the later consisted of two instruments installed at Aswan and
Abu Simbel in southern Egypt, and one instrument in Mersa-Matrouh in northwest Egypt
on the Mediterranean coast. In 1982, eight radio-telemetered stations were installed
around the northern end of the Aswan reservoir as a result of the unexpected 5.3 Ms
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earthquake on November 14, 1981. The Aswan array was increased to a total of thirteen
stations by 1985. More short-period, vertical-component seismographs were added
between 1986 and 1990, establishing some stations along the Red Sea coast. By the mid1990s, the Egyptian National Seismological Network (ENSN) was constructed which is
comprised of 60 remote telemetered stations sending seismic data to the Helwan center
(Badawy, 2005). The following sections examine current earthquake activity of Egypt,
starting with regional seismicity, and then focusing on local seismicity of the study
(Aswan) area.

4.2. REGIONAL SEISMICITY
Egypt sits adjacent to a convergent boundary to the north (the African and
Eurasian plates), a divergent boundary to the east (African and Arabian plates), and a
transform boundary to the northeast (the Sinai subplate). Nestled within this tectonically
dynamic pocket, the region is seismically active with the largest concentrations of
earthquakes located within the Mediterranean Sean, the northern Red Sea, and along the
Gulfs of Suez and Aqaba (Dief et al., 2011) (Figure 4.1).
Badawy (2005) indicates that the distributions of historical and instrumentderived earthquake records for Egypt are located within the same regions (northern Egypt
– Cairo, Sinai, and the Nile Delta) as indicated from Figure 7, which indicates that these
regions have been seismically active for many centuries. Secondary earthquake
concentrations are located between northern Gulf of Suez and Cairo, the Red Sea Hills
region of southern Egypt, Aswan, and Abu Simbel.
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Figure 4.1 Earthquake distribution of the Eastern Mediterranean region. Earthquakes are
measured in magnitude body wave (mb). Most seismic activity occurs at the tectonic
boundary of the Eurasian-African plates (compressional), the African-Arabian plates
(tensional), and within the Gulfs of Suez and Aqaba (transformational). From Dief et al.,
2011, with modifications.

Badawy (2005) concludes general earthquake focal mechanisms reveal normal
faulting with strike-slip components. The current stress regime in Egypt is thus
transtensional accompanied with a maximum horizontal extensional north-northeast
stress axis.
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4.3. LOCAL SEISMICITY
The study area is located just within the Aswan seismic zone – an approximate
11,300 km2 area that is bounded by E 32° 12’ – E 33° 12’ and N 24° 12’ – N 23° 12’
(Figure 4.2). This area was considered aseismic until the occurrence of the November
1981 earthquake for a number of reasons: 1) only two historical events were recorded for
this area, one at 3,223 ka and the other in 1854 (Maamoun et al., 1984); 2) the first
installed seismographs were farther north thus resulting in a data-gap for the Aswan area;
and 3) no earthquakes were recorded by the Aswan seismograph installed in 1975 until
the November 1981 event. On November 14, 1981, a 5.3 Ms earthquake occurred
approximately 60 km southwest of the Aswan High Dam (Toppozada et al., 1988). The
epicenter was located 10 km depth below Gebel Marawa, an outlying remnant of the
retreating Sinn El-Kaddab plateau and situated along the Kalabsha fault (Kebeasy, 1987).
The November 1981 earthquake and subsequent aftershocks (Boulos et al., 1990)
prompted an earthquake hazard re-assessment of the region due to the epicenters’ close
proximity to the High Dam. The dam is essential for the successful socio-economics of
the region by providing hydroelectric power, flood control, and irrigation, thus a seismic
re-assessment of the Aswan area was necessary in order to re-evaluate the integrity of the
dam if the region were to prove to be seismically more active than previously suspected.
Egyptian authorities had installed eight radio-telemetered seismographs around the
Aswan region, mainly within the northern portion of Lake Nasser, in less than one year
after the November 1981 earthquake. And by 1985, five more seismographs were
installed for a total of thirteen machines to record and monitor earthquake activity of the
Aswan region (Badawy, 2005).
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Since the installation of the Aswan telemetered seismographs, the majority of
earthquakes recorded within the Aswan seismic zone generally occur at the intersection
of the east-west and north-south trending faults just to the west of the main tract of Lake
Nasser; most occur along the eastern portion of the Kalabsha fault (Figure 4.2).

Figure 4.2 The spatial distribution of seismic activity near Aswan Egypt. The Aswan
Seismic Zone indicates the most active region is at the intersection of the east-west and
north-south faults, especially along the Kalabsha fault. The November 14, 1981 5.6 M
earthquake occurred along the Kalabsha fault, 10 km below Gebel Marawa. From Dief et
al., 2011.
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5. REMOTE SENSING DATA AND ANALYSIS

5.1. INTRODUCTION
The basin and dome structures situated along the Seiyal fault are mainly located
on the Sinn El-Kaddab plateau. It is difficult to reach these structures as well as trace the
fault in the field. Thus remote sensing data from orbital platforms are used to help
characterize and locate these structures along the fault, and to trace the SFZ. The remote
sensing datasets include the Shuttle Radar Topography Mission (SRTM), Landsat 7
Enhanced Thematic Mapper Plus (ETM+), Advanced Spaceborne Thermal Emission and
Reflectometer (ASTER), and Google™ Earth imagery.

5.2. REMOTE SENSING SYSTEMS
5.2.1. Shuttle Radar Topography Mission (SRTM). The Shuttle Radar
Topography Mission (SRTM) arose from a need for global topography (elevation) data
through a joint effort by the National Aeronautical and Space Administration (NASA),
the National Geospatial-Intelligence Agency (NGA), and the German and Italian Space
Agencies. The mission was to collect topographic information of the Earth ranging from
about 60° north latitude to 56° south latitude – approximately 80% of the world’s land
surface.
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Instrumentation for this data collection was mounted onto NASA’s Space Shuttle
Endeavour (STS-99) in February 2000. It consisted of a two-antenna, synthetic aperture
radars in two bands – a C band (λ = 5.6 cm) and an X band (λ = 3.1 cm), where λ is the
wavelength. The mission was accomplished within 11 days at 149 orbits for mapping.
Final derived products are sampled 1 arc second by 1 arc second (~30 m by 30 m) raster
tiles with vertical relative height error of less than 10 m. For areas outside of the United
State, however, the raster tiles spatial resolution is sampled to 90 m (Farr et al., 2007).
For this thesis, SRTM data was used to establish elevations and to produce digital
elevation models (DEMs).
5.2.2. Landsat 7 Enhanced Thematic Mapper Plus (ETM+). The Landsat
Enahanced Thematic Mapper Plus (ETM+), or Landsat 7, is a continuation of NASA’s
Landsat legacy series of satellites, and was launched in April 1999. Its mission is to
maintain consistent-data continuity from previous Landsat satellites, annually create a
global inventory of imagery of all landmasses, and continue to make the image data
available for environmental researchers and commercial purposes.
Landsat ETM+ sensor data is collected in 8 bands – 7 bands within the VNIRSWIR, and 1 band in the TIR portion of the electromagnetic spectrum. Table 5.1 lists the
Landsat ETM+ bands and their corresponding spectral resolution in micrometers (μm).
The spatial resolution for bands 1-5 and 7 (VNIR/SWIR) is 30 m by 30 m, 15 m by 15 m
for band 8 (panchromatic VNIR), and 60 m by 60 m for band 6 (TIR).
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In May 2001, the Scan Line Corrector (SLC) broke resulting in data voids in the
imagery. Attempts were made to fix the SLC but were unsuccessful (Jenson, 2007).
Landsat ETM+ datasets for this work are from dates earlier than May 2001. In addition,
for this thesis, Landsat ETM+ data is used to trace the SFZ, characterize the surface
texture, and help determine lithological units within the study area.

Table 5.1. Landsat 7 Enhanced Thematic Mapper Plus (ETM+) bands and their spectral
resolutions in micrometers (μm). Modified after Jensen, 2007.
Landsat 7 Enhanced Thematic Mapper Plus (ETM+)
Band

Spectral Resolution (μm)

1 (VNIR)

0.450 – 0.515

2 (VNIR)

0.525 – 0.605

3 (VNIR)

0.630 – 0.690

4 (VNIR)

0.750 – 0.900

5 (SWIR)

1.55 – 1.75

6 (TIR)

10.40 – 12.50

7 (SWIR)

2.08 – 2.35

8 (VNIR) panchromatic

0.52 – 0.90

5.2.3. Advanced Spaceborne Thermal Emission and Reflectometer
(ASTER). The Advanced Spaceborne Thermal Emission and Reflectometer (ASTER) is
a multi-spectral passive sensor aboard NASA’s Terra satellite launched in 1999. The
ASTER program is a cooperative effort between NASA and Japan’s Ministry of
International Trade and Industry in which its mission is to collect information on surface
temperature, emissivity, reflectance and elevation.

25

The sensor collects data in 14 channels, or frequency ranges, broken into three
distinct portions of the electromagnetic spectrum: visible and near-infrared (VNIR), the
short-wave infrared (SWIR), and the thermal infrared (TIR). Table 5.2 lists the ASTER
bands and their corresponding spectral resolution in micrometers (μm). These three
portions of the electromagnetic spectrum each have their own spatial resolution (in
meters) – 15 by 15 (VNIR), 30 by 30 (SWIR), and 90 by 90 (TIR) (Jenson, 2007). For
this thesis, ASTER data is used to trace the SFZ and characterize the surface texture, and
help determine lithological units within the study area.

Table 5.2. Advanced Spaceborne Thermal Emission and Reflectometer (ASTER) bands
and their spectral resolutions in micrometers (μm). Modified after Jensen, 2007.
Advanced Spaceborne Thermal Emission and Reflectometer (ASTER)
Band

Spectral Resolution (μm)

1 (VNIR)

0.52 – 0.60

2 (VNIR)

0.63 – 0.69

3N, 3B (VNIR)

0.76 – 0.86

4 (SWIR)

1.60 – 1.70

5 (SWIR)

2.145 – 2.185

6 (SWIR)

2.185 – 2.225

7 (SWIR)

2.235 – 2.285

8 (SWIR)

2.295 – 2.365

9 (SWIR)

2.360 – 2.430

10 (TIR)

8.125 – 8.475

11 (TIR)

8.475 – 8.825

12 (TIR)

8.925 – 9.275

13 (TIR)

10.25 – 10.95

14 (TIR)

10.95 – 11.65
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5.2.4. Google™ Earth. The free, downloadable, internet program Google™
Earth provides imagery of the Earth’s surface through a mosaic format. The orbital
systems from which Google’s imagery were derived to create the mosaics, for example
Landsat, depends on the ‘eye altitude’ of the viewer and location on the Earth. A detailed
view of the SFZ contains imagery that is provided by the Centre National d’Etudes
Spatiales (CNES) of France, in cooperation with Belgium and Sweden, via Satellite Pour
l’Obsevation de la Terre (SPOT 5) orbital platform; and DigitalGlobe from the United
States, via QuickBird orbital platform. SPOT 5 and QuickBird offer higher resolution
imagery (10 m by 10 m and 2.44 m by 2.44 m respectively) in the VNIR than the
moderate-resolution sensors Landsat 7 ETM+ and ASTER (30 m by 30 m and 15 m by
15 m respectively) (Jenson, 2007). Table 5.3 lists the SPOT 5 and QuickBird bands and
their corresponding resolution in micrometers (μm). Unlike the Landsat 7 ETM+ and
ASTER data, whose datasets may be manipulated by using different band combinations
for ground-surface analysis, the free Google™ Earth images cannot be manipulated in the
same manner. The Google™ Earth images are really mosaicked scenes and not actual
datasets. The SPOT 5 and QuickBird data may be purchased so as to perform an analysis
using different band combinations.
For this thesis Google™ Earth imagery was used to inspect the SFZ and basin and
dome structures located along it after performing the initial reconnaissance using the
moderate-resolution data of the study area and after the in situ investigation. The higherresolution imagery provided by Google™ Earth helped reconcile the SFZ extent and
geometry of the main trace of the Seiyal fault.
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Table 5.3. France’s SPOT 5 and the United States’ QuickBird bands and their
corresponding spectral resolutions in micrometers (μm). Modified after Jensen, 2007.
SPOT 5 (France)
Band

Spectral Resolution
(μm)

QuickBird (United States)
Band

Spectral Resolution
(μm)

1

0.50 – 0.59

1

0.45 – 0.52

2

0.61 – 0.68

2

0.52 – 0.60

3

0.79 – 0.89

3

0.63 – 0.69

Panchromatic

0.48 – 0.71

4

0.76 – 0.89

SWIR

1.58 – 1.75

Panchromatic

0.45 – 0.90

5.3. ANALYSIS AND INTERPRETATION OF THE REMOTE SENSING DATA
5.3.1. SRTM. SRTM data used in this work to accomplishes two goals: 1)
Determine relative elevations of the Sinn El-Kaddab plateau, the Nubia plain, and
Structure 2; and 2) create hill-shades from the data to produce base maps for figures.
Figure 5.1 compares the 90 m resolution SRTM data (stretched values, 2 standard
deviations) (A) and a hill-shade (B) derived from it. The SRTM data map (A) clearly
delineates the Sinn El-Kaddab plateau surface from the Nubia plain to the east and south.
The average elevation of the Sinn El-Kaddab plateau within the study area is about 440 m
(above sea level). The average elevation of the Nubia plain, east of the plateau and
within the study area is about 245 m (above sea level). Structure 1 is a low-relief
structure thus does not easily appear on map A; however, Structure 2 stands out as an
isolated hill on the plain, with a relative elevation of 325 m (above sea level), or about 75
m above the plain’s surface. Structure 3 does not appear in either image.
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The hill-shade map (B) on Figure 5.1 clearly delineates the relatively smooth
plateau surface from the plain below. Low-relief structures, such as Structure 1 and a
segment of the Kalabsha fault become apparent in the hill shade map derived from the
SRTM dataset. Many of the faults and basin and dome structures located along these
faults are visible on the Sinn El-Kaddab plateau and on the adjacent Nubia plain in the
hill-shaded map derived from the SRTM dataset.

Figure 5.1 Comparison of SRTM data (A) and a derived hill-shade map (B). The Sinn ElKaddab plateau, the Nubia plain, and selected features are shown. Relative elevations
within the study area are derived from the SRTM dataset. Low-relief structures are not
easily visible in the SRTM dataset (A), such as Structure 1 and a segment of the Kalabsha
fault; however these features are more recognizable in the hill-shade map (B) thus
providing better characterization of the area.
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5.3.2. Landsat 7 Enhanced Thematic Mapper Plus (ETM+). Two Landsat 7
ETM+ data band-combinations are used to help trace the SFZ, characterize surface
texture, and detect lithological differences along the trace of the SFZ. These band
combinations are 3-2-1 (VNIR) natural color and 7-4-2 (VNIR/SWIR) false color (Figure
5.2). Though the spatial resolution of this dataset is 30 m by 30 m, it is possible to trace
the SFZ on these images. In fact, a left-stepover is discernable within both bandcombination images; many basin and domes structures are also identifiable. Surface
texture within each image appears rough, but with smooth edges (wind-worn) along
bedding planes caused by the blowing sand. Lithological units are discernable both on
the Sinn El-Kaddab plateau and along the escarpment. For example, Figure 5.2 (A)
shows a color variation in the darker-brown Dungul Formation rocks from the underlying
lighter-brown Garra Formation rocks on the plateau. The difference in these shades of
brown helps delineate the extent of each formation. Figure 5.2 (B), the false-color band
combination, delineates the Dungul and Garra Formations better due to the absorption
and reflectance of the rocks surfaces a result of intrinsic lithological differences; the
reddish-brown rocks of the Dungul formation standout against the lighter, pale-green and
tan color of the underlying Garra Formation.

Figure 5.2 Landsat ETM+ images of the Seiyal Fault Zone. (A) A 3-2-1 natural-color band combination Landsat 7 ETM+
image of a portion of the SFZ on the Sinn El-Kaddab plateau. The Seiyal fault is traceable, along with an apparent leftstepover in the western portion of the map, and many basin and dome structures including Structure 1, highlighted in a red
box. The Seiyal fault is not traceable after it steps off the Sinn El-Kaddab plateau onto the Nubia plain to the east. (B) A 74-2 false-color band combination Landsat 7 ETM+ image of the same portion of the SFZ on the Sinn El-Kaddab plateau.
The many basin and dome structures are also visible along the fault on the plateau but the fault is not traceable on the
Nubian plain. The 7-4-2 band combination highlights a difference in lithology of the Dungul Formation (reddish-brown)
and the underlying Garra Formation (pale green and light tan).
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5.3.3. ASTER. Two ASTER data band-combinations are used to help trace the
SFZ, characterize surface texture, and detect lithological differences along the trace of the
SFZ. The band combinations are 3N-2-1 (VNIR) and 7-3-1 (VNIR/SWIR). The 3N-2-1
band combination is not a natural-color image like the Landsat 7 ETM+ bandcombination 3-2-1. The difference is that ASTER 3N is not within the blue range of the
electromagnetic spectrum, thus natural-color images cannot be produced with ASTER
data (Table 5.2). The band combination 7-3-1 is a false-color image similar to the
Landsat 7 ETM+ 7-4-2 band combination.
Figure 5.3 (A) is an ASTER 3N-2-1 image (30 m by 30 m resolution) of the SFZ.
The trace of the SFZ is identifiable, including a left-stepover, along with many basin and
dome structures. Surface texture appears rougher within the middle portion of the Sinn
El-Kaddab in this band combination. However within the east and west portions of the
plateau surface the beds appear smooth and wind-worn. The drainage pattern and
associated wadis are more distinct in this image when compared to the Landsat 7 ETM+
3-2-1 band combination. Identification of lithological units within Figure 5.3 (A), such
as the Sinn El-Kaddab plateau’s caprock – the Dungul Formation, is much darker in color
(dark brown and dark green) when compared to the underlying Garra Formation (light
green, light gray, and light brown/tan).
The ASTER 7-3-1 band combination is similar to the Landsat 7 ETM+ 7-4-2 band
combination with regards to how lithological units are identifiable using a VNIR/SWIR,
false-color band combination (Figure 5.3 B). The Sinn El-Kaddab plateau caprock – the
Dungul Formation, appear as dark browns and reddish colors, whereas the underlying
Garra Formation appears as turquoise and light brown. The SFZ is traceable, which

32

included a left-stepover, and many basin and dome structures. Surface texture is the
same as the 3N-2-1 image (Figure 5.3 A). Again, the center portion of the image is
rough, whereas to the west and east of the center of the image, on the Sinn El-Kaddab
plateau, the texture is smooth where the bedding edges are wind-worn.

5.3.4. Google™ Earth. Google™ Earth imagery is a mosaic of images from a
multitude of sources, depending on ‘eye elevation’, or scale, of the area being viewed.
Within the study area, SPOT 5 and QuickBird images are available which offer higher
resolution (10 m by 10 m and 2.44 m by 2.44 respectively) than both Landsat 7 ETM+
and ASTER (both 30 m by 30 m). Figure 5.4 (A) is a SPOT 5 image of Structure 1, a
basin structure, that is situated along the Seiyal fault, to the west of the eastern
escarpment of the Sinn El-Kaddab plateau. The many dipping beds of the Dungul
Formation are quite clear in the image. An area of vegetation is even visible at this
resolution. Figure 5.4 (B) is also a SPOT 5 image of the SFZ at its most western extent.
At this resolution, the trace of the Seiyal fault may clearly be characterized as segmented
and not a continuous trace, with some left step-overs, and well-developed basin and dome
structures.

Figure 5.3 ASTER images of a portion of the Seiyal Fault Zone. ASTER 3N-2-1 band-combination image of a portion of the SFZ
on the Sinn El-Kaddab plateau and Nubia plain to the east. This 30 m by 30 m resolution image clearly delineates the SFZ,
including a left-stepover and many basin and dome structures. The Dungul and Garra Formations are identifiable by their color in
the image; the Dungul is identified by the dark browns and dark greens, whereas the Garra is identified by the light green, light
gray and light brown/tan. (B) ASTER 7-3-1 band-combination, false-color image of the same area as (A). Having the same
spatial resolution as the 3N-2-1, the SFZ is traceable, basin and dome structures are identified, and lithological units can be
identified; the Dungul Formation appears as dark browns and reddish colors, whereas the underlying Garra Formation appears as
turquoise and light brown.
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Figure 5.4 SPOT 5 image of Structure 1 provided by Google™ Earth. The spatial
resolution of this image is 10 m by 10 m. The trace of the Seiyal fault and dipping beds
of the Dungul formation are very apparent in the well-developed basin structure. (B) The
western extent of the Seiyal fault on the Sinn El-Kaddab plateau. It is clear from the
SPOT 5 image that the Seiyal fault is not a single trace but a segmented trace which
include step-overs and bends.

Figure 5.5 is a QuickBird image of the SFZ, east of Structure 3, on the Nubia
plain. This area of the SFZ is covered in Tertiary and Quaternary gravel sheets. Here the
trace of the SFZ is only identifiable is by the development of sand-filled ground cracks –
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a manifestation of relatively recent seismic activity. High resolution imagery makes it
possible to trace the SFZ within this region, where the ground is covered in loose gravels
and alluvium. The ground cracks are not visible in the Landsat 7 ETM+ imagery,
ASTER imagery, nor SPOT 5 imagery.

Figure 5.5 QuickBird image of the SFZ provided by Google™ Earth. This location is
about 150 m northeast of Structure 3. This imagery has a spatial resolution of 2.44 m by
2.44 m. This high-resolution imagery is capable of identifying sand-filled ground cracks
along the SFZ – a manifestation of relatively recent seismic activity. These ground
cracks are not observable in the Landsat 7 ETM+ imagery, ASTER imagery, or the SPOT
5 imagery.
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6. STRUCTURAL DATA AND ANALYSIS

6.1. INTRODUCTION
Movement along the Seiyal fault has deformed Late Cretaceous – Early Eocene
clastic and carbonates marine and non-marine sedimentary rocks. Along the trace of this
fault, well-developed basin and dome structures have formed and can be observed in
moderate remote sensing imagery (see Figures 5.2-5.5). These structures range in length
from hundreds of meters up to 8 kilometers and about 30 have been identified in remote
sensing imagery within the SFZ. For this thesis only three of the structures are examined:
one basin (Structure 1) and two dome structures (Structures 2 and 3). Structure 1 is
located on the Sinn El-Kaddab plateau; Structures 2 and 3 are located east of the Sinn ElKaddab plateau, on the Nubia plain (Figure 6.1). In situ observations of the formations as
well as structural data were collected at each of these locations and are presented within
the following sections.
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Figure 6.1 Google™ Earth image (from SPOT 5) of the study area. Structure 1 is located
on the Sinn El-Kaddab plateau while Structures 2 and 3 are located on the Nubia plain,
east of the plateau’s escarpment. This area is within an embayment formed by the
retreating plateau that preferentially eroded along faults.

6.2. STRUCTURE 1: A BASIN
Structure 1 is a closed, asymmetrical, low-relief basin situated on the eastern edge
of the Sinn El-Kaddab plateau and along the Seiyal fault. Here the fault trends nearly
090-270° (Figure 6.1 and 6.2) and is marked locally by the presence of well indurated
cataclasites (Figure 6.3). Two kilometers east of Structure 1, the fault trends 074° before
it makes a right bend to trend 090° again. As the fault steps down off the plateau, it
makes a left bend and trends 080° for a short distance before it turns again back to a 090°
trend.
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West
Trace of the Seiyal Fault

Figure 6.2 View of the Seiyal Fault Zone. Looking west along the trace of the Seiyal
Fault Zone where it truncates the southern edge of structure 1.

The basin is elliptical in form (Figure 6.4). It is approximately 5 km long east-to-west by
1.5 km wide north-to-south at its widest point. The caprock that forms this basin is the
Dungul Formation, surrounded by a caprock of the Garra Formation. The Dungul
Formation at this location is approximately 15 m thick, as measured by Issawi (1968).

Figure 6.3 Well indurated and wind polished cataclasite. The cataclasite crops out along
the trace of the Seiyal Fault Zone where it truncates the southern edge of the synclinal
basin on the Sinn El-Kaddab Plateau. (swiss army knife for scale).

39

A total of 21 strike/dips data points were collected within this structure and plotted on an
equal-area stereonet (Figure 6.4). The plotted data demonstrates the basin is upright and
open, the axial surface strikes 259° with a dip of 87°, gently plunging to the westsouthwest at 5°. A geologic cross-section of Structure 1 is presented in Figure 6.5.

Figure 6.4 Geologic interpretation of structure 1. (A) Structure 1, a ~5 km long, low relief
basin situated along the Seiyal fault, on the Sinn El-Kaddab plateau. This basin deforms
Late Cretaceous – Early Eocene clastic and carbonate marine and non-marine bedrock.
The deformed bedrock on the hanging-wall side of the Seiyal fault is the Dungul
Formation, juxtaposed to deformed beds of the older Garra Formation on the foot-wall
side of the fault. (B) Photo of Structure 1 looking west-southwest; note the near
horizontal hillock ~290 m away. (C) Equal area stereonet plotting poles-to-planes
strike/dip data of Structure 1 (n = 21). This plot demonstrates the basin is upright and
open, an axial surface striking 259° and dipping 87° to the north-northwest, and gently
plunges 5° to the west-southwest.
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Figure 6.5 A geologic cross-section of Structure 1. As a result of the multiple movement
(normal dip/slip and dextral strike/slip) along the Seiyal, a zone of transtension occurs at
this location, resulting in an asymmetrical, closed synclinal basin.

6.3. STRUCTURE 2: A DOME
Structure 2 is a dome, or anticline structure, demonstrated by the stereonet
presented in Figure 6.6. It is uncertain that this isolated hill on the Nubia plain is an
inselberg of the retreating Sinn El-Kaddab plateau or a landslide deposit from the plateau.
This uncertainty is due to apparent landslide debris surrounding competent bedding
plains. It is approximately 75 m from the floor of the Nubia plain to its peak, and an
average diameter of 1 km.
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Figure 6.6 (A) Structure 2 an asymmetric anticline in the Dakhla Formation. (B) Equal
area stereonet depicting a moderately closed, gently plunging (3°) anticline to the westsouthwest (256°); n = 23. The red circle shows the location of the trench the geology of
which is depicted in Figure 6.7.

The Seiyal fault is concealed under the landslide material on the north side of the
hill but its trace is confirmed by ground cracks to the northwest and northeast of Structure
2, away from landslide debris. Also to the northwest of Structure 2, a trench was
excavated across the SFZ by the engineering firm Woodward-Clyde Consultants in 1985.
The purpose of this excavation was to closely examine the SFZ and look for evidence of
recent movement along the Seiyal fault (Woodward-Clyde Consultants, 1985). The
trench cuts the fault perpendicularly to a depth of about 4 m, and is approximately 30 m
in length (Figure 6.7).
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Figure 6.7 Cross-section of the Seiyal Fault Zone located northwest of Structure 2. The
cross-section identifies recent fault activity by evidence of ground cracks that reach the
ground surface. Other fault cracks are covered in the Tertiary/Quaternary gravel sheets
that have not breached the grounds surface. Modified after Woodward-Clyde
Consultants, 1985.

6.4. STRUCTURE 3: A DOME
The last structure of this investigation, Structure 3, is also a dome-structure, or
anticline. It is the next structure in succession along the SFZ after Structure 2; it is
located 2 km northeast of Structure 2. The trend of the SFZ when it encounters Structure
3 is 068°. Here the trace of the SFZ is marked by a visible but degraded fault scarp of ~ 1
meter in height that displaces Tertiary gravel pediments with a down-to-the-north
component of slip (Figure 6.8). Structure 3 is a low-relief structure, only reaching heights
of approximately 4-6 m. It appears as four separate structures, but for a structural
analysis, it is treated as one entity (Figure 6.9). The bedrock consists of the Dakhla
Formation and is surrounded by Tertiary and Quaternary gravel deposits.
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Figure 6.8 Fault scarp in Tertiary gravel pediments. At the western end of structure three
looking north towards the Sinn El-Kaddab Plateau in the background. In the fore ground
is a Tertiary gravel pediment that has been displaced by the Seiyal Fault Zone with a
down-to-the-north sense of slip. One geologist stands at the edge of the scarp on the up
thrown block and the other geologist (the author in white) stands on the same surface on
the downthrown block.

After the Seiyal fault passes the first portion of Structure 3, the fault bifurcates
and forms a fault-bound structural wedge. The left segment of the Seiyal Fault can be
followed for about 300 m; the surface expression is visible for only 130 m until its only
vestige is in the form of ground cracks which are visible for another 170 m and then the
trace of this segment of the fault is no longer visible. The trace of the right segment of
the Seiyal Fault is visible at the surface as it passes the second portion of Structure 3 for
about 300 meters until it bends to the right again and passes the remaining portions (3 and
4) of Structure 3. The resultant structure formed by the fault-bound wedge has created an
asymmetric, moderately closed anticline, that gently plunges (2.5°) to the southwest
(234°) (Figure 6.9).
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Figure 6.9 Geologic interpretation of structure 3. (A) Structure 3 is a low-relief,
asymmetric anticline situated along the Seiyal fault east of the Sinn El-Kabbab plateau.
This structure consists of four separate sections but is considered as one single structural
entity. (B) Photo of the Seiyal fault as it passes a low relief anticline situated along it –
notice the sand-filled depression marking the trace of the fault. (C) Equal area stereonet
of Structure 3; it is described as asymmetric and plunging gently at 2.5° along a trend of
234; n = 27.

The fault continues a trend of approximately 068° and may be traced by ground
cracks at the surface (see Figure 6.9) until it reaches a dome structure about 6.5 km away.
The Seiyal Fault then continues for approximately 18 km to the east-northeast, making a
few more bends both to the left and to the right before it appears to die out near Lake
Nasser (Figure 1.1).
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7. DISCUSSION

The Seiyal Fault is one of many east-west faults that cross-cut the Western Desert
of Egypt (Figure 1.1 and 3.1). The trace of these faults, including the Seiyal Fault, the
subject of this study, are very apparent in remote sensing imagery on the Sinn El-Kaddab
plateau – a tableland of Late Paleocene through Early Eocene, made of clastic and
carbonate deep and near-shore sediments (e.g., Figures 5.2 and 5.3). Using remote
sensing imagery, the surface trace of the Seiyal Fault can be mapped by identifying
abrupt discontinuities in rock type revealed by color changes (e.g., Figure 5.3), truncation
of layers of geologic strata (e.g., Figure 6.1), and the presences of ground cracks (e.g.,
Figure 6.9) along the strike of this lineament. Remote sensing mapping indicates that the
Seiyal Fault is best characterized as a fault zone comprised of multiple, straight to
curvilinear, left-stepping en-echlon, fault segments that over-lap or intersect and can be
traced for at least 100 km in length across the Sinn El Kaddab Plateau and down on to the
Nubian Plain.
Abundant structural basins and domes, informally referred to as “Desert Eyes”
because of their appearance in remote sensing imagery (e.g., see Figure 6.1 and 6.4), are
associated with the east-west and north-south trending fault zones of the Western Desert
of Egypt (Tewksbury et al., 2009; Hogan et al., 2013). These structures are readily visible
in remote sensing imagery and especially in Google Earth (e.g., 6.1) where fundamental
geologic principles (i.e., the rule of v’s) can be used to constrain the dip of geologic
layers as well as the sense of slip rather than just separation along faults (Tewksbury et
al., 2012).
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Due to inherent obstacles in accessing these areas in the field, as well as the
initially low resolution imagery available prior to field work, three structures along the
trace of the Seiyal Fault Zone were investigated with the structural basin (structure 1 in
Figure 6.1) being the initial primary target for field investigation. Field studies
confirmed the presence of sedimentary strata that had been deformed into structural
basins and domes and cross-cut by the trace of the Seiyal Fault (Figure 6.1).
Displacement of opposing sides of the synclinal basin (i.e., structure 1) records a
component of normal dip-slip down to north displacement along the Seiyal Fault Zone
(see Figure 6.4 and 6.5). Locally, in the vicinity of structure one the Seiyal fault is
marked by the presence of a polished cataclasite (Figure 6.3) whereas in the vicinity of
structure 3 the trace of the fault is recognized by displacement of Tertiary gravel
pediments (also down to the north see Figure 6.8) to define a fault scarp as well as the
presence of sand-filled ground cracks (Figure 6.9).
Subsequent field studies of a structural dome in the Late Cretaceous sandstones
towards the eastern end of the Seiyal Fault Zone reveals both soft sedimentation
deformation (e.g., seismites) as well as later conjugate structures and deformation bands
that cross–cut the dome (Hogan et al., 2013). These structures are consistent with a
significant right-lateral dextral strike-slip component for the Seiyal Fault Zone.
Additional mapping of the dome suggests a component of down-to-the-south dip slip as
well. These observations are consistent with the present day Seiyal Fault Zone recording
time-integrated strain as a result of multiple displacement events in response to changes
in the orientation to the principal regional stresses over time. There are several proposed
kinematic mechanisms responsible for the occurrence of these faults, and subsequent

47

structures located along them. The first is crustal rupture from the Nubian Swell (Stern
and Abdelsalam, 1996; Thurmond et al., 2004), an east-west trending uplift of
Precambrian granite. This uplift is approximately 500 km wide and extends from
southern Egypt into northern Sudan. As the basement rocks were arched upwards,
subsequent brittle fracture occurred in the same direction as the trend of the arch.
A second interpretation of the east-west trending fault system is their relation to
the Guinean-Nubian Lineament (Guiraud and Bosworth, 1997), an E-W lineament that
extends across the entire African continent as part of a major intraplate fault zone.
Guiraud et al., (2005) proposed the faults on the Sinn El-Kaddab Plateau developed later,
during the Late Santonian-Maastrichtian (84-65 Ma). Schandelmeier and Reynolds
(1997) suggested these faults formed much later, during the Chattian (24 Ma) in
association with the opening of the Red Sea. In contrast, Meshref et al., (1990) related the
east-west trending faults to Tethyan tectonics – the closing of the Tethys Sea as a result
of Alpine – Himalayan continental collision.
Faults that cross southern Egypt have been active at least since the deposition of
the sedimentary cover rocks. Today, analysis of earthquakes demonstrates dextral strike
slip along east-west faults while the north-south trending set of faults are sinistral strikeslip (Awad and Grzegorz, 2005; Mekkawi et al., 2009). There is also a normal dip/slip
component to these faults establishing that the region underwent transtensional
kinematics. As a result of the movement along these faults, zones of transpression and
transtension have deformed bedrock creating structural basins and domes that are lowrelief.
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8. CONCLUSIONS

Using remote sensing imagery, the surface trace of the Seiyal Fault, one of several
prominent East-West faults in the Western Desert of Egypt has been successfully mapped
by identifying abrupt discontinuities in rock type revealed by color changes (e.g., Figure
11), truncation of layers of geologic strata (e.g., Figures 10 and 12), and the presences of
ground cracks (e.g., Figure 13) along the strike of this lineament. This work demonstrates
that the Seiyal Fault is best characterized as a zone comprised of multiple, straight to
curvilinear, left-stepping en-echlon, fault segments that over-lap or intersect and can be
traced for at least 100 km in length across the Sinn El Kaddab Plateau and down on to the
Nubian Plain.
Abundant structural basins and domes, known as “Desert Eyes” are associated
with the east-west and north-south trending fault zones of the Western Desert of Egypt
(Tewksbury et al., 2009; Hogan et al., 2013) including the Seiyal Fault Zone. Three
structures recognized in remote sensing imagery were investigated in the field. This field
work confirmed of structural basins and domes that were cross-cut by the trace of the
Seiyal Fault. Displacement of these basins and domes along the Seiyal Fault Zone records
a component of normal dip-slip down-to-the-north displacement. Locally, the trace of i
the Seiyal fault is marked by polished cataclasite, a scarp created within displaced
Tertiary gravel pediments (also down-to-the-north), and by the presence of sand-filled
ground cracks. Subsequent field studies of a structural dome in the Late Cretaceous
sandstones towards the eastern end of the Seiyal Fault Zone reveals both soft
sedimentation deformation (e.g., seismites) as well as later conjugate structures and
deformation bands that cross–cut the dome (Hogan et al., 2013). These structures are
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consistent with a significant right-lateral dextral strike-slip component for the Seiyal
Fault Zone. Additional mapping of this dome suggests a component of down-to-the-south
dip slip as well. These observations are consistent with the present day Seiyal Fault Zone
recording time-integrated strain beginning with the deposition of Cretaceous sandstones
and continuing to the present, as a result of multiple displacement events in response to
changes in the orientation to the principal regional stresses over time.
The East-West faults, including the Seiyal fault, located within the Western
Desert of southern Egypt and northern Sudan are associated with mostly normal dip/slip
and dextral strike/slip motion. The low-relief basin and dome structures that are
observable in remote-sensing imagery, and are locally cross-cut by these faults, may have
formed in regions of transpression (domes) and transtension (basins) created by the bends
and step-overs along the trace of the fault zone.
Since most of the Sinn El-Kaddab plateau is difficult to traverse, high resolution
imagery and elevation data, such as Light Detection and Ranging (lidar), could
supplement more geological investigations for this region. Elevation data derived from
lidar technology could be used to help determine basin and dome structures based on
their slope analysis since they are of such low-relief. The resolution of current lidar
derived products can be less than one meter. Elevation data used in the analysis for this
thesis could only be used for general elevations such as the height of Structure 2 from the
valley floor.
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APPENDIX

Field Notes – Seiyal Fault, Egypt: January 5 – January 14, 2009
Mark

Easting

Northing Strike

Dip

Remarks

11

0427940

2612642

Fault trace?

12

0428295

2612668

Fault trace?

15

0436654

2612285

16

0436131

2612324

Fault trace? In a wash (small-size
gravel; in wadi (little depression)
032

38 SE

Possible outcrop of conglomerate,
pebbles – cobbles (cement?)
Beds horizontal; outcrop of ironnoduled, very fine-grained, silaceous

17

0435963

sandstone, flagy, gray. “Pop-up

2612418

structure….weathering or structurally
controlled?
18

0435811

Horizontal beds, algal mats (?), more

2612438

than one but localized.
Edge of higher “pediment” (northside of wash); thin layer of
conglomerate covering the Nubia
Formation (?)

19

0435670

North of this point (downslope) see

2612365
209

36 NW the first “pop-up” structures; are
parallel on strike; about 7 m apart

202

24 NW “pop-ups” about 20 m long

237

27 NW
Shallow dipping (2-3 degrees to

21

0435084

2612252

south), gray, interbedded limestone
w/ tan/beige sandstone

51

Outcrop; at original ‘high’ pediment
height

22
22

147

18 SW

Bedding

136

13 SW

Bedding

0434795

2612140

331

72 NE

Joint; lower limestone(?) unit

0434795

2612140

328

76 NE

Joint; lower limestone(?) unit

220

64 NW Joint; lower limestone(?) unit

211

69 NW Joint; lower limestone(?) unit

021

80 SE

Joint, higher up

027

76 SE

Joint, higher up

030

60 SE

Joint, high up
Dipping 14° (from 7°…from

23

0434420

2612011

14

horizontal; just to the north there are
more “pop-ups”, 173/59 SW
Same formation?

24

0434480

2611848

104

18 SW

bedding

009

83 SE

Joint

056

90

Joint

216

80 NW Joint

322

68 NE

Joint

022

82 SE

Joint

067

44 SW

Pop-up

172

45 SW

Pop-up
Same formation? Flat-lying pediment

25

0434628

2611694

32

0491437

2677915

068

5 SE

Bedding

33

0433285

2612995

031

13 SE

Bedding

surface (gravel covered)

First transect (from north to south); a
35

0433229

2612985

074

47 SE

fold in the wash area; just below
pediment surface

52

36

0433241

2612978

059

37 SE

Bedding

37

0433228

2612974

063

31 SE

Bedding

38

0433272

2612972

Horizontal bedding

39

0433282

2612946

Horizontal bedding

40

0433320

2612938

41

0433307

2612990

42

0433311

2613002

062

28 SE

Bedding

43

0433317

2613009

057

40 SE

Bedding

44

0433323

2613018

056

47 SE

Bedding

45

0433295

2613016

014

49 SE

Bedding

46

0433296

2613018

047

32 SE

Bedding

47

0433301

2613027

056

25 SE

Bedding

48

0433298

2613033

072

53 SE

Bedding

49

0433192

2612966

073

33 SE

Bedding; near west edge of structure

50

0433116

2612552

044

20 SE

51

0433114

2612934

072

21 SE

231

61 NW

52

0433103

2612954

225

49 NW Bedding; outlier (?)

53

0433103

2612961

54

0433044

2612914

047

5 SE

55

0433040

2612907

248

9 NW

56

0433063

2612906

Second transect (from south to north);
horizontal beds
Beds barely dipping south

Bedding; west end, apex of fold
(hinge line?)
Bedding

Fault rock (?); Limonite-type
sandstone
Most westerly part (nose) of
structure; traverse north to south
Bedding
Drag-fold possibly on a fault
Outside of fringe of fold; sandy unit

57

0433137

2612978

225

36 NW of the Nubia Fm; strike/dip taken on a
thin limestone bed

58

0433457

2613017

Third traverse from south to north;

53

eastern edge of the “structure”…in
the gravel; fairly horizontal
59

0433457

2613037

242

14 NW Transition?...syncline?
Thrusting to north creating a palmtree structure? Z-fold? Continuing a

60

0433454

2613045

065

11 SE

few meters to the north the beds
become flat-lined then plunge north;
become vertical few meters away

61

0433452

2613042

066

61 SE

62

0433634

2613086

63

0433618

2613084

214

34 NW Bedding

64

0433600

2613089

221

24 NW Bedding

65

0433592

2613099

237

75 NW Bedding

66

0433595

2613106

228

29 NW Bedding (sandy unit w/in limestone)

68

0430650

2613001

69

0430701

2612638

70

0430672

2612487

Kurkur Fm (?); fairly flat-lying

71

0430777

2612472

Photo looking east

Fourth transverse (southeast to
northwest); fairly flat lying beds

Flat-lying beds in wash, south of the
‘big hill’ (inselberg ?)
Contact of the Dakhla and Kurkur
formations (?)

Kurkur Fm (?); contact between ~1 m
72

0430687

2612427

207

50 NW thick marly limestone between two
massive limestone layers

73

0430696

2612405

214

47 NW Bedding

74

0430759

2612415

219

45 NW Bedding

75

0430757

2612402

247

46 NW Bedding

76

0430714

261238

77

0430750

2612350

Possible hinge line of fold; flat-lying
277

30 NE

Bedding

290

30 NE

Bedding

54

78

0430770

2612355

254

46 NW Bedding

79

0430788

2612283

032

17 SW

Error?

80

0430796

2612222

082

54 SE

Bedding; Kurkur Fm (?)

81

0430786

2612204

085

44 SE

Bedding

84

0428522

2611981

Car location – farthest car can reach
High point in wash east of

85

0427504

2612230

escarpment; marly limestone
overlying horizontal Nubia Fm (?)

86

0427229

2612369

87

0426940

2612478

88

0426513

2612536

152

25 SW

Marly limestone; high point east of

154

28 SW

escarpment (is it in place?)
On strike w/ anticline

052

57 SE

057

56 SE

Dipping marly limestone
Vertical beds, highly fractured, light-

89

0426214

2612543

colored limestone…may not be in
place
Dark-gray REEF (should help to

90

0426169

2612536

91

0425702

2612484

92

0425583

2612430

93

0425566

2612396

Breccia (photo)

94

0425291

2612393

Questionable breccia trace

95

0424997

2612280

determine formation)
Location check
097

70 SW

Fragmented massive limestone (in
place?)

262

6 NE

Bedding; going up wadi

077

74 SE

Joint

172

90

Joint

96

0424822

2612167

Location check

97

0424464

2612210

98

0424135

2612666

Localized vegetation: small trees

99

0423843

2612563

Sub-horizontal, massive limestone on

257

30

Outcrop; light, massive limestone

55

top of a marly limestone
100

0424091

2612327

102

0425797

2612978

222

25 NW

Marly, cottony, gray limestone;
dipping beds
Top of plateau (north ridge); Thebes
Fm (?), horizontal
NW-SE fracture/fault (N30W-

103

0425408

S30E)…wadi has same trend; wadis

2612770

controlled by faults/fractures; major
fracture 180°

104

0423634

2613087

105

0423219

2612889

106

0422809

2613077

Location check; some beds dipping
~3°
112

5 SW

Bedding
Location check
Bedding; where the flat-lying butte is,

107

0422699

2613084

102

16 SW

there is a break in the E-W dipping
beds

108

0422179

2613070

119

26 SW

Bedding; Garra Fm

109

0422072

2613112

103

21 SW

Garra Fm

110

0421918

2613164

Wadi trend: 350° (sand and grass)
064

24 SE

Bedding; photo of joint sets w/
hammer

111

0421829

2613171

351

77 NE

Joint

303

61 NE

Joint

186

48 NW Joint

016

88 SW

Joint

112

0421661

2613311

087

10 SW

Bedding

113

0421674

2613117

102

15 SW

Low ridge of bright/light limestone

114

0421671

2613068

073

20 SE

Bedding

271

58 NE

Joint

115

0421717

2612930

Fossiliferous limestone (lots of shell

56

fragments, dark gray)
116

0421786

2612688

209

4 NW

Bedding; stromatolites (?) or silica
concretions

117

0421874

2612435

197

15 NW Bedding

118

0421894

2612369

231

24 NW

119

0421870

2612344

247

24 NW Bedding

120

0421896

2612280

217

24 NW

121

0422149

2612193

221

18 NW Dip slope

122

0422162

2612172

123

0422221

2611889

124

0422555

2611831

Bedding; gently dipping north

125

0423255

2611920

Location check

126

0430388

2611977

Bedding; fossiliferous limestone;
stromatolites (?) or silica concretions

Bedding; fractured dark limestone
(fossiliferous)

First breccia ‘vein’; trending E-W,
photo
Bedding; light-colored limestone
gently dipping north

Zone of ‘disruption’, landslides?,
karst collapse?
Horizontal beds of Nubia Fm close to

127

0430048

2612430

ground level w/ shale and sand layers
above; slightly dipping east

128

0430128

2612663

322

8 NE

Bedding

129

0430330

2612513

292

40 NE

Bedding (limestone); top of hill

130

0430444

2612532

262

44 NW Bedding (limestone); top of hill

131a

0430577

2612524

261

26 NW Same

131b

2612492

2612492

237

30 NW Same

132

0430491

2612484

263

20 NW Same

133

0430491

2612436

272

23 NE

134

0430774

2612322

The ‘brighter’ limestone unit; less
porosity
Possible core of anticline

57

135

0430784

2612286

Horizontal beds (limestone)
Abrupt change in inclination of

136

0430787

2612272

087

84 SE

beds…just a few meters south of
Mark 135
Limestone unit w/ less porosity (same

137

0430788

2612229

082

45 SE

138

0430810

2612187

057

52 SE

Same

107

50 SW

Bedding; abrupt change in strike from

as Mark 133)

Mark 138
139

140

141

0430837

0430817

0430882

2612168

2612156

092

28 SW

Bedding

092

35 SW

Bedding

055

42 SW

Bedding

242

13 NW

2612093

Bedding; small anticline south of
larger anticline (inselberg)
Bedding; ~30-40 m to west is flat-

262

10 NW lying limestone (fractured, light gray,
‘pillowed’) south of Mark 141

142

143

0431048

0431495

2612157

2612021

Bedding; beige limestone

027

24 SE

247

25 NW Bedding; gray, massive, ‘pillowed’

307

17 NE

…juxtaposed to … (see below)

Bedding; questionable outcrop
Bedding; just south of beds w/ small

144

0431787

2612021

082

5 SE

(~2 cm chalk layer); petrified log;
ring-like structure

145

146

147

0431770

0434578

0434632

2611961

Jumbled rock; no same dips
092

20 SW

272

27 NE

107

15 SW

2611107

2611060

Bedding; gray limestone; low to
ground; fold axis?...striking 110°
Questionable; ~10 m north the same
beds are flat-lying
Bedding; same unit as Mark 146

58

148

0434680

2610849

127

27 SW

Bedding; fold

149

0434696

2610871

262

15 NW Bedding; same unit as Mark 149

150

0426852

2612188

Horizontal beds

151

0425394

2612285

Location check

152

0424784

2612150

Location check

153

0423931

2611701

Location check; in small wadi

154

0423288

2611929

155

0423276

2612126

Horizontal bedding; Nubia Fm (?);
hematite-cemented sandstone
Flat-lying sandstone (dark brown);
Nubia Fm (?)
Reddish cataclasite? Matrix-

156

0423281

2612152

supported breccia; variable size
fragments
Fault tract? Whitish-gray

157

0423256

2612154

257

25 NW

158

0422946

2612035

257

12 NW Bedding; gray-white limestone

limestone…10 m west of Mark 157

Bedding; dipping same as limestone
159

0422941

2612117

282

44 NE

of Mark 158; fault should be just to
north

160

0422855

2612155

082

23 SE

Bedding; white limestone

161

0422776

2612219

162

0422593

2612183

163

0422415

2612167

164

0422412

2612188

165

0422295

2612217

082

10 SE

166

0422278

261221

257

64 NW Bedding; brecciated but not same

Fault trace? Reddish cataclasite
Brecciated zone; fault trace;
limestone w/ red matrix
Marks 163-164…thickness of
brecciated zone
Marks 163-164…thickness of
brecciated zone (21 m)
Bedding; low-to-ground pinkish
limestone

59

‘fault’ rock
167

0422166

2612151

Fault trace

168

0422058

2612171

169

0421500

2611953

Most southerly point reached

170

0422672

2612177

Brecciated zone; fault trace

171

0423110

2612133

Brecciated zone; fault trace

172

0423725

2612125

173

0423920

2612089

Brecciated zone; fault trace

174

0424196

2612261

On strike w/ fault?

Truncation of white limestone layer
(within basin)…near vertical

282

90

Fractures/veins; brecciated zone; fault
trace

60
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ADDENDUM

Thomas J. Jerris (sitting) successfully defended his Master Thesis in front of his
committee and many friends. During the revision process he unexpectedly passed away.
Dr. John P. Hogan completed the minor changes to his thesis.

